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THE THESIS PROBLEM 
1. Purpose of the Study 
The basic problem.-- This study purposes to evaluate the 
effectiveness of the Test of Mechanical Comprehension Eorm 
V -
AA in predicting the trade competence of personnel selected 
for formal apprenticeship training in mechanical occupations. 
2. Significance of this Study 
Expected gains from this study.-- A valid measure of 
prediction of the trade competence of personnel who intend to 
start an apprenticeship would be a worthwhile tool in the 
hands of a counselor, as apprentice training is costly in 
terms of time, money and men. The time for apprenticeship 
training is four irrevocable years of the life of an indi-
vidual. Large sums of the company's money is invested and 
frequently the result is too many maladjusted workers. Any 
test which can minimize the waste of time, men and money that 
results from improper placement would result in better men 
trained, and possibly more men trained with a minimum of mal-
adjustment • 
I7George K. Bennett, Test of Mechanical Comprehension Form 
AA, The Psychological Corporation, New York, 1940. 
-~ 
3. Summary of the Related Studies 
The phases of vocational~ognosis.-- A great many 
words have been written on the subject of prognosis for vo-
cational competence. Eurich and Cain writing on the subject y 
of prognosis in Monroe's Encyclopedia of Educational Re-
2 
search point out the enormous quantity of educational litera-
ture dealing with this subject. An examination of the mater-
ial shows it covers four phases of prognosis. 
The first phase treats with the basic definition of the 
determiners of vocational success. The second deals with the 
instruments designed to isolate these determiners. The third 
considers the work done by research workers on the evaluation 
and validation of these instruments. The fourth phase analyz-
es the7results of phase three. The lines of demarcation be-
tween these phases are fairly distinct even though some over-
lapping exists. These four phases will be discussed in sequence 
in the following paragraphs. 
The basic definitions.-- The first phase is concerned with 
a basic definition of what th!S ·~ type of test purports to mea-
sure. With reference to this, tpe.-test author, Bennett says: 
bfNalter s. Monroe, Encyclopedia of Educational Research, 
The MacMillan Company, New York, p41, p.838. 
• 
3 
L Y 
"The Test of Mechanical Comprehens~on, measures 
the ability to perceive and understand the relationship 
of physical and mechanical elements in practical situa-
tions. This type of aptitude is important in a wide 
variety of jobs for engineering and many trade school 
courses. The person who scores high in mechanical com-
prehension tends to learn readily the principles of 
operation and repair of complex devices. Like other ap-
titude tests it is influenced by environmental factors." 
The aptitude referred to by Bennett in the quotation y 
above is called "mechanical aptitude" by Bingham • Mechan-
ical aptitude has through usage become synonymous with charao-
teristics which are essential to mechanical success. Super ~ 
admits that mechanical aptitude has never been defined but is 
used operationally by counselors, personnelworkers and others 
to refer to the traits which are needed for success in mechan-
ical fields. This lack of preciseness of definition has led 
to a certain amount of confusion in attempting to evaluate 
the research. Super is not the only one to point out the 
lack of preciseness in defining the term "mechanical aptitude." 
Another research worker recognizing this lack of preciseness 
l/George K. Bennett, Test Manual for Test of Mechanical Com-
prehension Form AA, The Psychological Corporation, New York, 
1940. 
g}Vvalter Van Dyke Bingham, Aptitudes and Aptitude Testing, 
Harper and Brothers, Publishers, New York, 1937, p.l32. 
2/Donald E. Super, Appraising Vocational Fitness, Harper 
and Brothers Publishers, New York, 1949, p.221 • 
4 
y 
is Rappaport • In his study Rappaport states: 
"There is a fundamental weakness in e-stablishing 
constant criteria for our clinical groups and these 
critical criteria are crucial for establishing diagnos-
tic frames of reference for further psychological ex-
ploitation of clinical cases by means of these tests." 
This lack of a rigorous definition has not prevented, 
however, the building of diagnostic instruments for use in 
determining mechanical aptitude. The fields of pure science 
are replete with evidence of the ability to utilize the 
forces of nature without being able to precisely define them • 
. The exact nature of electricity is not known but the uses to 
which this energy has been put is part of our daily living. 
This would illustrate the difficulty of definition. 
A workigg_definition of mechanical aptitude.-- The fol-
lowing technique was employed in arriving at a working defi-
nition of mechanical aptitude for this study. Three repre-
sentative definitions were studie~. The ·first defj_nition 
?:) 
was that offered by Bingham • He defines aptitude 
"As a condition symptomatic of a person's relative 
fitness of which one aspect is his readiness to acquire 
proficiency; another, his potential ability; and. a third; 
his readiness to develop an interest in exercising that 
ability." 
!/David Rappaport, "Status of Diagnostic Psychological Test-
ing," Journal of Consulting Psycho~ (January-February, 
1948)' 12:1-3. 
yrbid., p.l32. 
5 
Although this is a definition of aptitude, it is inclusive 
enough to cover any type of aptitude. The second definition 
ll is that of Mursell. He defines aptitude as a "function of 
the whole personality." This definition does not contradict 
Bingham's but neither does it lend any strength to it. The y 
third definition proposed by Wittenborn defines mechanical 
aptitude as an 
"Expression of whatever ability or abilities are 
required for creditable work with tools or machines, 
(mechanical work)." 
The writer of this thesis will accept Bingham's defini-
tion of aptitude and use it in the sense expressed by 
Wittenborn. This appears to be a working definition of mech-
anical aptituoe. 
Types of instruments.-- The second phase of the research 
deals with the instruments designed to isolate the determiners 
of vocational success. The following tests are designed for 
this purpose. One or more of these tests have been mentioned 
by the research workers in their evaluations discussed in 
phase three of this study. They are offered as tacit evidence 
that despite a luck of a precise definition of mechanical 
l/James L. Mursell, Psychological Testing, Longmans, Green 
and Company, New York, 1947, p.210. 
g/J. R. Wittenborn, "Mechanical Ability; Its Nature and Mea-
surement," Educational and Psychological Measurements (1945}, 
5:241-259. 
6 
aptitude, the field of prognostic testing is not dormant. 
Work is constantly going on to improve the available instru-
ments and to evolve new ones based on research. The follow-
ing twenty-three tests from the Boston University Test Re-
sources Room listings were selected as typical: 
1. 
2. 
3. 
4. 
5. 
6. 
?. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
- 16. 
. 17. 
- 18. 
19. 
20. 
21. 
22. 
23. 
Detroit Mechanical Aptitude Examination 
Detroit Retail Selling Inventory 
MacQuarrie Test of Mechanical Ability 
Stenquist Assembling Tests 
Mellenbruch Mechanical Aptitude Tests 
Personnel Selection and Classification Test 
Prognostic Test of Mechanical Ability 
Revised Minnesota Paper Form Board Test Form AA 
Revised Minnesota Paper Form Board Test Form BB 
SRA Mechanical Aptitude Test 
Stenquist Mechanical Aptitude Test 
Survey of Mechanical Insight 
Survey of Object Visualization 
Survey of Space Relations Ability 
Survey of Working Sp~ed and Accuracy 
Bennett Test of Mechanical Comprehension Form AA 
Bennett Test of Mechanical Comprehension Form BB 
O'Rourke's Mechanical Aptitude Test for Junior Grades 
Scovill Classification Test 
Kent Shakow Form Board 
O'Connor Wiggly Block Test 
Purdue Mechanical Aptitude Tests 
Minnesota Mechanical Ability Tests 
These instruments have been used alone and in combination. 
The results of the practices with these tests will be dis-
cussed in phases three and four of this study. 
Validation and evaluations.-- The third phase of the re-
view of research treats with the evaluation and validation 
of the above tests. Significant comments and conclusions of 
test reviewers and research workers will be noted. 
v 
Long and Lawshe concluded that a testing program can 
be effective in industry if the administering psychologists 
are thoro~ghly familiar with the industrial problems. They 
might have added that the psychologists should also be very 
well acquainted with the limitations of the instruments. y 
Halliday and others made a validation study of the 
Owens-Bennett Mechanical Comprehension Test Form cc. They 
discovered a correlation of .40 between the test scores and 
the instructors' grades after one year. It is to be regret-
ted that they did not specify how objective the instructors' 
grades were. 
v Ghiselli and Brown in their study on the validity of 
tests of auto mechanics concluded that scores on tests of 
7 
mechanical principles had moderate relationship with super-
visors' ratings. Their study might have been more meaningful 
if they had quantified their results and attempted to pin 
down the degree of objectivity of the tests used and the 
supervisors' ratings. 
iJW. F. Long and C. H. Lawshe Jr., "Use of Manipulative Tests 
in Industry," Psychological Bulletin (March 1947), 44:146-148. 
' · gjRobert W. Halliday and , "Validity of the Owens-
Bennett Mechanical Comprehension Test Form CC," Journal of 
~ied Psychology (September 1951}, 35:321~324. 
~ 2/Edwin E. Ghiselli and Clarence w. Brown, "Validity Tests 
for Auto Mechanics," Journal of Applied Psychology (January 
1951), 35:23-24. 
'11 
Mathewson compared aptitude test ratings and trade 
school ratings and found a positive correlation of .46 
between the two. His conclusions are very general but in 
keeping with current thought on the matter. He concluded 
that (1) mechanical aptitude tests should be more useful along 
with other data, (2) performance tests also help, (3) .more 
study is needed of the individual and the aptitude tests used. 
?J 
Ross made a study to select the most employable and 
trainable candidates for enrollment in Defense classes. He 
used the Minnesota Test of Spatial Relations, the O'Connor 
Finger Dexterity Test, .the Minnesota Paper Form Board, the 
O'Rourke Mechanical Aptitude Test for Junior Grades, the Army 
Alpha Test (Wells revision) and Army Beta (Kellogg and Morton 
revision}. It is unfortunate that he did not have enough 
time to validate his test results against instructors' ratings 
as he had intended to. For without these data his test re-
sults are not usable for prognosis of trade competence. 
~ i/Robert H. Mathewson, "Aptitude Tests and Trade School Rat-
ings," Industrial A.rts and Vocational Education (December 
1944), 33:400-402. 
g/Lawrence w. Ross, "Prediction and Classification of Defense 
Trainees," Industrial Arts and Vocational Education 
(September 1942), 31:273-277. 
9 
y 
McDaniel and Reynolds made a study of mechanical apti-
tude tests in the selection of trainees for mechanical occu-
pations. The personnel studied consisted of one hundred and 
forty-seven high school students and war workers. The corre-
lation between test scores and instructors' ratings was .47. 
This shows the findings of this study are in line with 
Mathewson, Ghiselli and others. y 
Broadhurst gave a battery of four tests. They were 
the Pressey Sr. Classification Test, the Thurstone Arithmetic 
Test, the Libert and Quasha Revised Minnesota Paper Form 
Board Form AA, and the Iowa Placements Examinations Mathema-
tics Training Form MT 1. He correlated the scores on these 
tests with their first semester's work in an attempt to pre-
diet success in vocational technical courses. Broadhurst 
concluded that his study was inadequate because (1) of the 
limited number of cases, (2) no provision was made to measure 
interest drives in students and (3) too short an interval of 
time was taken between the test and the time criterion. He 
believed that the Thurstone and Iowa were of some value, but 
!/John w. McDaniel and William A. Reynolds, "A Study of the 
Use of Mechanical Aptitude Tests in . the Selection of .Trainees 
for Mechanical Occupations," Educational and Psychologica!_ 
Measurements (1944), 4:191-197. 
~John c. Broadhurst, "Prediction of Succ~ss in Vocational 
Technical Courses," Industrial Arts and Vocational Education 
(February 1946}, 35:58-59. 
10 
the other tests had such low correlation as to have no signi-
ficance. It is suggested that another study should have been 
made eliminating as many faults as possible to either affirm 
or refute his conclusions. The results may then be of greater 
value to test makers. y 
Paul Cooke made a prediction study to improve the se-
lection of personnel entering the Phelps Vocational School. 
Three tests were given to about one hundred applicants who 
were selected after a study of their health, attendance, and 
previous academic records. The tests used were the California 
Mental Maturity, S Form, yielding an I.Q., the Gray-Votano 
Achievement Test in reading and arithmetic, and the Detroit 
Mechanical Aptitude Test Form AA. The following correlations 
resulted. The Detroit Mechanical Aptitude correlated with 
the California Mental Maturity .?8. The Detroit with the 
Gray-Votano was .78. These correlations were high enough for 
Cooke to conclude that either pair of tests given were high 
indices of ability to succeed in vocational school. The 
writer of this thesis, however, questions this broad general-
ization based on the limited sampling. 
!/Paul Cooke, "Admission of Candi~ates to Phelps Vocational 
School," Industrial Arts and. Vocational Education (June 1946), 
35:240-241. 
11 
JJ Cottingham studied the problem of predictive value of 
certain paper and pencil mechanical aptitude tests in relation 
to achievement in woodworking. The tests used were the Detroit 
Mechanical Aptitude Test Form A, the Stenquist Mechanical Apti-
tude Test (Test 1), Mellenbruch Mechanical Aptitude Test, and 
Bennett Test of Mechanical Comprehension Form Wl. He concluded 
that the Detroit and. Bennett appeared to measure traits close-
ly related to intelligence. The low correlations between 
school marks and mechanical aptitude test scores led to his 
conclusion that mechanical aptitude tests have limited pre-
dictive value for woodworking achievement for seventh grade 
boys. This conclusion should also be questioned on the basis 
of the limited sampling. y 
Sanders and Novak in a critical survey of vocational 
school admissions concluded that the relation between voca-
tional school success and scores on the Detroit Mechanical 
Aptitude Test, the Mac~uarrie Test of Mechanical Ability, the 
Minnesota Paper Form Board Test, the Pressey Classification 
J]Harold F. Cottingham, "Paper and Pencil Tests Given in Wood-
working," Occupations (November 1948}, 27:95•99. 
g/George s. Sanders and Benjamin J. Novak, "Establishing 
Vocational School Admissions Standards," Industrial Arts and 
Vocational Education (October 1944}, 33:309-311. 
12 
Test and Stenquist Test of Mechanical Comprehension are too -
low to be of any practical value for prognosis and their use 
should. be abandoned. 
Some basic conclusions on this phase.-- In summarizing 
this phase it is discouraging to note the limited number of 
persons sampled on many of these studies and the broad 
generalizations subsequently drawn. No attempts are made 
by the research workers to note the significance of the tests 
for any specific situation. The encouraging aspect of this 
phase is the amount of work done in the field of validation 
and the gro~ing awareness on the part of the research workers 
of the importance of validating the instruments against per-
formance ratings given by instructors. 
Fi~~ings of the research.-- The fourth phase deals with 
analyzing the work of research workers in the field of voca-
tional prognosis. 
1/ 
A summary of this analysis follows. 
Hardtke writing about aptitude testing in the metal 
working occupations says that the paucity of adequate studies 
is apparent. He is struck with the weakness of the samples, 
the unreliability of the tests used and the criterion data 
employed as standards for determining the validity of the 
tests. He points out that there are too many subjective 
!/Eldred F. Hardtke, "Aptitude Testing for Metal Working Occu-
pations," Psychological Bulletin (October 1945), 42:690-694. 
13 
conclusions by the authors and that too many of the studies 
are the results of trying to sell a particular test. Hardtke 
is not the only one to raise his voice as to the lack of 
v 
validity. Traxler urges the need for more research data 
on the prognostic value of tests after showing the relation-
ship of validity to prognosis. 
gj 
-- . Thorndike pursues this theme farther, when in forceful 
language he says that a personnel selection program which 
does not validate against supervisors' ratings is at best an 
untested one and at worst outright charlantanism. 
Other workers question the concept of mechanical aptitude 
')./ 
as such. Kitson questions whether, the concept of vocational 
~ 
aptitude is legitimate. He firmly recommends that researcrh 
workers spend their time discovering the vocational signifi-
cance of current tests before devising new ones. This is a 
reflection of the lack of a clearcut definition of mechanical 
aptitude. 
VArthur E. Traxler, "Correlation between Mechanical Aptitude 
and Mechanical Comprehension Scores," Occupations (October 
1943}' 22:42-43. 
g/Robert L. Thorndike, Personnel Selection, John Wiley and 
Sons Publishers, New York, 1949, p. 119. 
3/Harry D. Kitson, "Aptitude Testing in Guidance," Occupations 
fApril 1944), 12:60-64. 
11 
·wi ttenborn in discussing .mechanical aptitude thinks 
it possible to find a tentative answer to the nature of 
.mechanical aptitude by pooling the contributions of varied 
research workers in the field and coming out with a common 
denominator which may .make a good working definition of 
.mechanical aptitude. y 
14 
Thorndike writing on the prediction of success in vo-
cational life brings out the fact that vocational histories 
are not in accord with the authorities on vocational counsel-
ing who assume that an examination of a boy or girl at age 
fourteen, and a study of their school records will presage 
fitness for a specific vocational adjustment. 
v 
Bingham warns that aptitude tests do not directly 
measure accomplishment. He states: 
"They .make no such pretense; they .measure present 
performance. What the applicant can do is .measured by 
comparing his test performance with that of his pre-
decessors who have made good or failed. This same prin-
ciple is the basis of the construction and interpretation 
of the tests of aptitudes for the skilled trades." 
This conclusion of Bingham's .makes one wonder if any 
other approach to the basic theory of prognostication for 
mechanical success exists. 
ifop. cit., p. 241-259. 
g/Edward L. Thorndike, "The Prediction of Success in Vocation-
al Life," Occupations (December 1933), 12:21-25. 
2}0p. cit., p. 22-23. 
15 
y y 
Traxler and Bingham agree that one's aptitudes are 
tied up with one's potential powers to succeed in an occupa-
tion and that these aptitudes can be predicted from present 
performance but that heredity, general experience, and speci-
fic training are essential factors. 
Some conclusions on phase four.-- The authorities do 
not believe that mechanical aptitude tests are cure-alls for 
~ purposes of prognosis. For example, Magill believes that 
mechanical aptitude test scores have decidedly limited pre-
dictive value but their objectivity makes them useful in 
conjunction with supplementary evidence otherwise obtained. y 
Novak has more hope than Magill. He thinks that tests 
will most likely grow in validity and reliability as prognos-
ticators • . They all point out, however, the great need for 
all researchers and test constructors to validate their 
studies as completely and objectively as possible before 
their conclusions as to the effectiveness of their instruments 
for vocational prognosis can be accepted. 
!fop. cit., p.42-43. 
g/Op. cit., p.l32. 
2/Walter H. Magill, "The Selection of Pupils for Vocational 
Courses," American School Board Journal (November 1941), 
103:19-20. 
yBenjamin J. Novak, "Establishing Vocational School Admission 
Standards," Industrial Arts and Vocational Education (October 
1944), 33:309-311. 
; 
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CHAPTER II 
TEE TEST AND AUTHOR'S EXPECTED OUTCOMES 
1. D,escription of the Test 
A basic consideration of test construction.-- A good 
description of any test must be as objeotive as possible. 
The following paragr~ph leads attempt to outline objectively 
I ( 
the important aspects , to be considered in the analysis of 
the Bennett Test of Mechanical Comprehension. 
Miscellaneous data.-- Basic information concerning the 
test appears below. 
Title •••••••• Test of Mechanical Comprehension Form AA 
Author •••.••• George K. Bennett, Ph. D. 
Publisher •••• The Psychological Corporation 
552 Fifth Avenue 
New York City, New York 
Cost ••••••••• Twenty-five for $3.50 
Mechanical features.-- -The size of type and kind of 
paper are adequate. The size of type is 14 point and the 
paper is white bond. There is no time limit as this is a 
power test. However, there is no appreciable gain in score 
if more than thirty minutes is utilized. 
Objectivi~.-- Information concerning the items below 
was _ obtained by a consensus of the personnel who adminis-
tered the test and those who took this test. 
1. The directions for administration are concise. 
-16-
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2. The test items are objective. 
3. The test is not so long as to be fatiguing. 
4. The list of items is prefaced by suitable samples. 
Construction.-- The information relevant to the construe-
tion of this test is quoted herewith directly from the test 
manual. 
"The exercises were selected by the following 
technique. The original items were sketched on cards 
and displayed individually to a number of persons of 
varying educational levels and mechanical interests. 
On the basis of the responses of this exploratory group 
some of the items were eliminated and others altered. 
Seventy-five items were then prepared in their present 
form and put into a booklet. This form was administered 
to several groups to obtain data for item analysis. Due 
to the difficulty of obtaining actual criteria of subse-
quent proficiency at mechanical work from an adequate 
number of cases a composite of mechanical test scores 
was used as a criterion. For one group of two hundred 
and eighty-three subjects, applicants for apprentice 
training, the test scores on three other mechanical tests 
were available. These were the MacQuarrie Test of Mech-
anical Ability, the Detroit Mechanical Aptitude Exam-
ination and the Revised Minnesota Paper Form Board. A 
weighted score resulting from the performance of each 
individual on all four tests obtained. The responses of 
the upper and lower twenty-seven per cent of the group 
as determined for the composite scores were subject to 
item analysis. The discriminative value of each item 
was determined following the Kelley-Wood procedure; 
thirteen items were discarded; the two easiest were 
used as samples and the remaining arranged in order of 
difficulty." 
Item readability and usage.-- The conclusions relevant 
to item readability and usage are a result of a poll of the 
personnel who administered and took this test. 
1. The items represent a familiar reading situation. 
2. The material is not too difficult. 
3. The format and the organization of the material are 
excellent. 
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Standardization.-- Standardization results are discussed 
by the author. The salient points are as follows: 
1. The norms are percentile norms. 
2. Standardization was based on a population of 10,313 
people, skilled and unskilled, within and without 
industry. 
3. The reliability was computed as .84 by the split 
half method on five hundred relatively _homogeneous 
ninth-grade students. 
4.· The validity of the reports of test scores against 
supervisors' ratings in six . ind.ustrial situations 
was from .30 to .65. 
2. The Author's Claims 
The author claims in his- manual that the Test of Mech-
anical Comprehension measures the ability to perceive and 
understand the relationship between physical forces and 
mechanical elements in practical situations. This type of 
aptitude is important for a wide variety of jobs and for 
engineering and trade school courses. Form AA is sui table 
for male applicants for industrial jobs. The practical value 
of this test is enhanced for many situations by its relative-
ly low correlation with other tests. These low correlations 
frequently permit the use of batteries of tests with a com-
bined predictive value appreciably higher than could be ob-
tained by any single test. For example, Bennett's test has a 
correlation of between .40 and .60 with intelligence tests, 
between .40 and .60 with the revised Minnesota Paper Form 
Board, between .30 and .40 with the hand tool dexterity 
test and close to zero with the Minnesota Clerical test. 
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3. Description of Personnel Used for Vali~ation 
The personnel used for validation of this test consisted 
of 10,313 people divided into the following groups: 
1. 
2. 
3. 
4. 
5. 
6. 
7~ 
8. 
9. 
10. 
11. 
12. 
13. 
Candidates for WPA Mechanical Courses ••••••••• 
Candidates for Policemen and Firemen •••••••••• 
Candidates for Apprentice Training •••••••••••• 
Candidates for Technical Courses •••••••••••••• 
Candidates for Engineering Positions •••••••••• 
Candidates for Unskilled Jobs ••••••••••••••••• 
Candidates for Guidance in Veterans Centers ••• 
Paper Factory Workers ••••••••••••••••••••••••• 
Trainees in Plane Factories ••••••••••••••••••• 
Men in Defense Training Courses ••••••••••••••• 
Candidates for Leadingman's Jobs •••••••••••••• 
Bus and Street Car Operators •••••••••••••••••• 
Mechanics' Helpers ••••••••••••••• · ••••••••••••• 
4. Effects of Formal Training in Physics 
252 
1836 
548 
744 
145 
533 
417 
1637 
226 
775 
249 
734 
2217 
According to the author of this test, the effect of for-
mal training in physics on the test score is to raise the 
mean score by about four points, or less than half a stand-
ard deviation. These data have been determined as a result 
of the study of over two thousand cases. 
5. Summary of Chapter II 
This test is inexpensive, printed on good paper, easy 
to read, not too time consuming and easily administered and 
scored. It is constructed in accordance with approved prac~ 
tice and does not represent an unfamiliar reading situation 
to the testee. This test had .been standardized and norms 
developed. The author claims this test is of practical value 
for male applicants for industrial jobs. Further information 
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concerning the value of the test may be determined as the pre-
sent study progresses. 
CHAPTER III 
PROCEDURES AND STATISTICAL TECHNIQUES 
1. Scope of the Problem 
This study concerns 354 personnel who are engaged in a 
formal four-year apprenticeship in an industrial program in-
volving thirty mechanical trades. The personnel are divided 
into four groups as follows: 
Group A 
· Group B 
Group C 
Group D 
112 men at the start of training 
106 men at the end of one year of training 
45 men at the end of two years of training 
91 men at the end of three years of training 
2. Criterion Data Used in Validation 
The criterion data used in validating the instrument 
were obtained in the following manner for the personnel in-
volved in this study: 
1. The test scores on the test of Mechanical Comprehen-
sion were obtained for all in January, 1952. 
2. Shop performance grades were averaged for the year 
1952-1953 in January, 1953. 
3. School subject grades in science, mathematics and 
English were averaged for the year 1952-1953 in 
January, 1953. 
3. Method of Procuring Validity Data 
The teat scores on the test of Mechanical Comprehension.--
Test scores were obtained by administering the test to 400 
personnel in accordance with the instructions in the test 
-21-
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manual. The tests were then scored and the raw scores posted. 
The scoring and posting were done by the writer of this study. 
The shop performance grades.-- Shop grades were taken 
from the evaluation sheet provided by the respective shops. 
The evaluation sheet is submitted monthly for each man in 
training so that a shop performance rating can be obtained. 
The respective shop supervisor rates the man under his super-
vision monthly on a form similiar to the one below • 
.. 
UTili& TOTAL OF EYALUATIOII ELEMUTS A¥Eil8E OF - EXCELLENT VERY· GOOD GOOD REASONABLY UNSATIS-FACTORY GUDES SATISFACTORY 
... 
KNOWLEDGE OF WORK 2D 18 16 14 
16 14 ~ QUANTITY OF WORK IVOLUIE I 20 IB ..., 
a.. t II) 0 QUALITY Of WORK I ACCURACY I ~0 18 16 14 oC( X !5 
.>: <f) 
... ADAPTABILITY (INITIATIVE. RESOURCEFU LL NESS 2D 19 16 14 a... a: 
a... w 16 14 a.. INTEREST IN WORK 20 18 0 
z 
tl) PUNCTUALITY- ATTENDANcE 20 '18 16 14 
.... OBEDIENCE 20 18 16 14 
a.. ~ -0 0 REGARD FOR SAFETY RULES 20 18 16 14 :r z <f) 0 
v REL lAB I LITT 20 18 16 14 
--
- - -
REGARD FOR GOVERNMENT PROPERTY 20 18 16 14 
. " or wnsat1.r ~ct . .o r rat'" 1n any eLeMent , . 1nsert natut of 1:1 
abov• carr sat ufactory ; 6o or b•low ar• u•sat is/actory . 
PERFORMED ELEMENT 110. OF HRS. AREAS AIID ELEMENTS OF TRADE TRAIIIIMG PERFORMED WITHOUT . COMPLETED Ill EACII 
- WITH AID AID DURING MO. 1£LEMEIIT DUR-
NUIIII8ER ' .DESCRIPTION (,-') (.-') i.l) 1116 MOIITH 
. ' 
I 
. ' 
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The school subject grades.-- These grades were obtained 
from the cumulative record kept for each individual. The 
school and shop performance grades are posted monthly on 
this record. The apprentice attends classes one full week 
per month. Their instructors are all qualified profession-
ally. They all hold the degree of Bachelor of Science in 
Education, as well as the degree of Master of Education. 
One of the staff has a doctorate. The school subject grades 
are based upon class work, home work, and daily and weekly 
examinations. 
4. Statistical Techniques Employed 
The statistical techniques employed consisted of cor-
relations from the data obtained, using the Pearson product 
moment technique, the bi-serial technique and the techniques 
of multiple correlation. 
Data analysis by Pearson product moment.-- Correlation 
coefficients were determined by the Pearson method between 
the test of Mechanical Comprehension and the average grades 
in school subjects. In addition correlation coefficients 
were determined between the test and the shop performance 
ratings of each person. 
Data analysis by bi-seFial correlation.-- This technique 
was utilized for obtaining correlations between the scores 
on the test of Mechanical Comprehension and the average shop 
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performance ratings of the top and bottom twenty-seven per 
cent for Groups A, B, C, and D, the entire group and the ap-
prentice machinists. The reason for utilizing this technique 
is the recognition that shop performance grades determined 
by rating techniques have certain weaknesses. Since it is 
felt that shop performance grades are more prone to separate 
extremes, it follows that the top and bottom twenty-seven per 
cent of the groups might present a clearer and truer picture 
of the prognostic value of the instrument being validated. 
Data analysis by multiple correlation.-- Multiple cor-
relation technique was utilized for obtaining correlations 
between the scores on the test of Mechanical Comprehension 
and the grades in the combined subject fields to determine 
how much effect formalized training in combinations of sub-
jects would have on the test score. The correlations which 
are directly connected with validating the instrument, how-
ever, are those between the test scores and shop performance 
ratings. The others are necessary to determine the effect of 
the measurable variables which could distort the interpreta-
tions put upon the value of the instrument for validation pur-
poses in predicting trade competence from the test scores. 
5. Analysis of the Data 
Pearson moment coefficient.-- The correlations made util-
izing this technique are shown on Figures l through 30 at the 
end of this chapter. The data on these figures is summarized 
on Table 1 which follows. 
Table 1. Correlation Coefficients from Data Obtained Using 
Pearson Product Moment Technique 
Data Correlated 
(1) 
1. Mechanical Comprehension versus average 
science mark for Group A ••••••••••••••• 
2. Mechanical Comprehension versus average 
science mark for Group B ••••••••••••••• 
3. Mechanical Comprehension versus average 
science mark for Group c .........•..••. 
4. Mechanical Comprehension versus average 
science mark for Group D ••••••••••••••• 
5. Mechanical Comprehension versus average 
English mark for Group A ••••••••••••••• 
6. Mechanical Comprehension versus average 
English mark for Group B ••••••••••••••• 
7. Mechanical Comprehension versus average 
English mark for Group C ••••••••••••••• 
8. Mechan.ical Comprehension versus average 
English mark for Group D ••••••••••••••• 
9. Mechanical Comprehension versus average 
mathematics mark for Group A ••••••••••• 
10. Mechanical Comprehension versus average 
mathematics mark for Group B ••••••••••• 
11. Mechanical Comprehension versus average 
mathematics mark for Group C ••••••••••• 
12. Mechanical Comprehension versus average 
mathematics mark for Group D ••••••••••• 
13. Mechanical Comprehension versus average 
mark in shop performance for Group A ••• 
14. Mechanical Comprehension versus average 
mark in shop performance for Group B ••• 
15. Mechanical Comprehension versus average 
mark in shop performance for Group c ..• 
16. Mechanical Comprehension versus average 
mark in shop performance for Group D ••• 
17. Mechanical Comprehension versus average 
mark in shop performance for all groups 
Pearson r 
(2) 
.175 
.068 
.211 
.188 
.217 
.203 
.081 
.294 
.180 
.223 
-.058 
.122 
.072 
.244 
.183 
.372 
.293 
Table 1. (concluded) 
Data Correlated 
(1) 
18. Mechanical Comprehension versus average 
mark in shop performance for apprentice 
machinists in Groups A, B, C, and D •••• 
19. Average English mark versus average 
mathematics mark for Group A ••••••••••• 
20. Average English mark versus average 
mathematics mark for Group B ••••••••••• 
21. Average English mark versus average 
mathematics mark for Group c .......... . 
22. Average English mark versus average 
mathematics mark for Group D ••••••••••• 
23. Average English mark versus average 
science mark for Group A ••••••••••••••• 
24. Average English mark versus average 
science mark for Group B ••••••••••••••• 
25. Average English mark versus average 
science mark for Group C ••••••••••••••• 
26. Average English mark versus average 
science mark for Group D ••••••••••••••• 
27. Average science mark versus average 
mathematics mark for Group A ••••••••••• 
28. Average science mark versus average 
mathematics mark for Group B ••••••••••• 
29. Average science mark versus average 
mathematics mark for Group c ••.......•• 
30. Average science mark versus average 
mathematics mark for Group D ••••••••••• 
Pearson r 
(2) 
.331 
.702 
.569 
.539 
.381 
.575 
.323 
.138 
.282 
.550 
• 594 
.247 
.089 
Table 1 lists thirty correlation coefficients obtained 
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by using the Pearson method. Seven were computed for each of 
the groups, one for the four groups combined, and one for all 
the apprentice machinists. 
The Pearson "r" which resulted from the test of Mechanic-
al Comprehension versus the average mark for each group in 
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science, English and mathematics did not exceed .294. This 
value is not high enough to be significant. The Pearson "r" 
which resulted from the test of Mechanical Comprehension 
versus the average mark in shop performance for the four 
groups varied from .072 to .372. The Pearson "r" for Group 
A with no time in training was .072 and for Group D with 
three years of training .372. The trend is for the Pearson 
"r" to increase in value for each group as the time in train-
ing increases. Each group from A through D represents addi-
tional weeding of incompetence. Furthermore, the average 
score on the test of Mechanical Comprehension for Group A was 
49.96 right, 13.04. wrong, and for Group D, 50.64 right, 9.36 
wrong. The average shop performance rating for Group A is 80 
per cent and for Group D, 92 per cent. It is a fact that 
Group D has three more years of training than Group A and 
hence represents additional weeding; that Group D received a 
significantly higher average score on the test of Mechanical 
Comprehension than Group A; that Group D received a signifi-
cantly higher average shop performance rating than Group A. 
From these facts · it may be inferred that Group D has more 
mechanical aptitude than Group A and the test of Mechanical 
Comprehension reflects this inference. 
Bi-serial correlation.-- The correlation coefficients 
which resulted using this technique are shown in Table 2 
which follows. 
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Table 2. Correlation Coefficients from Data Obtained Using 
Bi-serial Technique on the Top and Bottom Twenty-
Seven Per Cent of Groups Involved 
Mechanical Com,2rehension Test Scores 
Group All,Mach~n-
A B c D men ists ~ 
1. Top and Bottom 
Twenty-Seven 
Per Cent . . .099 .340 .149 .166 .162 • 525 
Table 2 lists six correlation coefficients using the 
bi-serial technique. Of the six computed, the only one high 
enough to be significant is the value of .525 for apprentice 
machinists. This writer believes that this value is of sig-
nificance because the shop performance rating of the appren-
tice machinists can be more effectively determined than c.an 
the rating for any other group involved in this study. 
Multi,:Qle correlation.-- The correlation coefficients 
which resulted from using this technique are shown on Table 
3 which follows. 
Table 3. Correlation Coefficients from Data Using Multi~e 
Correlation Technique 
Mechanical Co~prehension Test 
Score 
A B c D 
, -
1. English and Mathematics •••• .702 .569 .534 .381 
2. English and Science •••••••• • 575 .323 .138 .282 
3. Science and Mathematics •••• • 550 .594 .247 .089 
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The multiple correlations between English and mathematics 
grades and the scores on the test of Mechanical Comprehension 
indicate that grades on these subjects have some bearing on 
the scores attained on the test of Mechanical Comprehension. 
This is borne out by the multiple correlation "r's" of .381, 
.534, .569, and .702. The multiple correlations between Eng-
lish and science and the test of Mechanical Comprehension 
showed a slight positive relationship as supported by the 
"r's" of .138, .282, .323, and .575. The multiple correla-
tions between science and mathematics and the test of Mechani-
cal Comprehension also showea a slight positive relationship 
as supported by the "r's" of .089, .247, .550 and .594. 
Summary of analysis of data.-- The data most concerned 
with this validation study are the scores on the test of 
Mechanical Comprehension and the shop performance ratings. 
The scores on the instrument are objectively obtained. The 
shop performance ratings are determined by a rating scale 
and contain some degree of subjectivity. However, the appren-
tice machinists performance ratings are as objectively con-
trolled as can be expected. Therefore, it is felt that the 
bi-serial "r" of .525 which resulted from correlating the 
test scores for the top and bottom 27 per cent of the appren-
tice machinists versus their shop performance ratings is high 
enough to indicate that the test has marked validity. 
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The Pearson r is .175 • This indicates that 
the score on the Mech anical Comprehension 
Test is not materially affected by the amount 
of training in science for Group A. 
J.'i.au re 2· Mechanical Comp rehensi on vs. average science 
mark for Group B 
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The Pearson r is .068 • Thi s i ndicate s that 
the scoi' e on the Mechanical Comprehens i on 
Tes t is hardly affected by the amount of 
t raining in science for Group B. 
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-:.··.:-Lu'r. 3. Mechanical Comprehension vs. average sc·ience 
mark for Group c. 
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The Pearson r is .211. This indicates that 
the score on the Mechanical Comprehension 
Test is only slightly affected by the amount 
of training in science for Group C. 
Firmre 4. Mechanical Comprehension vs. average science 
mark for Group D. 
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----The Pearson r is .188. This indicates that 
the score on the Mechanical Comprehension 
Test is not materially affected by the amount 
of training in science for Group D. 
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~:: . ._,:;->f.. 5. Mechanical Comprehension vs. average English 
mark for Group A. 
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The Pearson r is .217. This indicates that 
the score on the Mechanical Comprehension 
Test is only slightly affected by the amount 
of training in English for Group A. 
Fipure 6. Mechanical Comprehension vs. average English 
mark for Group B. 
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The Pearson r is .203. This indicates that 
the score on the Mechanical Comprehension 
Test is· only slightly affected by the amount 
of training in English for Group B. 
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_:_ · :...~ s 7. Mechanical Comprehension vs. average English 
ma rk for Group c. 
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The Pearson r is .081. This indicates t hat 
the score on the Mechanical Comprehension 
Test is hardly affected by the a mount of 
t ·raining in English for Group c. 
FiP.ure 8. Mechani ca l Comprehension vs. average Engl ish 
mark for Group D. 
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The Pearson r is .294. This indica tes tha t 
t he score on the Mechanic al Comp rehension 
Test i s only slightly affected by the amount 
of t raining in English for Group D. 
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, L1 :: ~ 9. Mechanical Comprehension vs. average mark in 
mathematics for Group A. 
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ol The Pearson r is .18. · This indicates that 
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the score on the Mecha nical Comprehension 
Test is only slightly affected by the amount 
of formal training in mathematics for Group 
A. 
":'iPure 10. Mechanical Comprehension vs. average mark in 
mathematics for Group B. 
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The Pearson r ·is .223. This indica tes tha t 
the score on the Mechanica l Comprehension 
Test is slightly affected by the amount of 
formal tra ining in mathematics for Group B. 
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- - 11 . Mechanical Comprehension vs. average mark 
in mathematics for Group C 
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The Pearson r is - . 0580 • This ind cages that 
the score on the Mechanical Comprehension 
Test is hardly affected by the amount of for 
mal training in mathematics for Group c. 
J.'~nu re 12 . Mechanical Compr ehens i on vs. average mark 
in mathematics for Group D 
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The Pearson r is . 122 • This indicates that 
the score on the Mechani cal Comprehension 
tes t is hardly affec t ed by the ' amount of 
formal training in mathematics for Group D. 
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· :.l: ·. 13. Medl anical Comprehension vs . average mark 
in shop performance for Group A 
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The Pearson r is .072. This indicates that the 
score on the Mechanical Comprehension test is 
not indicative of success in shop performance 
for Group A. 
r::.n'ure 14. Med:".!. anical Comprehension vs. average mark 
in shop performance for Group B 
3 1.0032 34 36 ~8 40 4~ 44 4 
·- ·- ·-I. 97 
94i-
9:L 
es 
d ) 
3 2 T 
'-''1· 
79 
?b 
? 3 
'( 0 
iJ'l 
(> f. 
61 
] ] 
·--· 
.. 
-
:~--
1 
·r· 
r- f- 1 
.. ·-
'-"-=t-l-I I ~ ---r -=~4:---
---
·-~t-u l l i 
·f--
~L-
.... r:=:-1-
. 
... _._. 
I 
1 
J 
- : 
1 
1-· 
6 48 50 52 54 56 
-~;"---" · 
58 6 ) 
2 1 3 3 1 
1 1 5 4 6 4 2 
5 3 4 1 
1 2 4- 3 1 
5 5 1 2 2 5 11 
1 1 2 5 1 1 I 
1 3 
1 
I 
I 
I 
,,_____., 
The Pearson r is .244 • This indicat es that 
the score on the Meclk~nical Comprehens ion 
te s t is slightly indicative of success in 
shop performance for Group B. 
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· :·' 15. Mechanical Comprehension vs. average mark 
in shop p erformance for Group C 
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The Pearson r is .183 • This indicates that 
the score on the Mechanical Gomprehension test 
is slightly indicative of success in shop 
performanc~ for Group C • 
F i m..lre 16. Mechanical Comprehension vs. average mar k 
in shop performance for Group D 
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The Pearson r is .372 • This indicat es that 
the score on the Mechanical Comprehen E".im 
test is indicative of success in shop perform 
ance f or Groyp D. 
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.. 17 • Mechanical Comprehension vs. average mark 
in shop performance for Groupa A,B,C and D combined • 
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The Pearson r is .293 • This indicates that 
the score on the Mechanical Comprehension 
test is indicative of succes s in ahop 
performance for the c ombined Groups A,B,C 
and D. 
•·' · nure 18 • Mechanical Comprehension vs. average mark 
in shop performance for Apprentice Machinists in Groups 
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- -- -The Pearson r is . 331 • This indicates that 
the score on the Mechanical Comp r ehension 
test is indicative of success in shop perfor 
mance for Group A,B,C and D apprentice machin -
ists . 
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~·-· --L:rr:. 19. Average English mark vs. average 
mathematics mark for Group A • 
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the English mark ts indica tive of success in 
mathematics for Group A. 
Fi~ure 20. Average English mark vs. average 
mathematics mark for Group B. 
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-The Pearson r is .569. This indicates that 
the English mark is indicative of success 
in mathematics for Group B. 
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_ J~. 21. Average English mark vs. average 
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The Pearson r is .5396. This indicates t ha t 
the English ma rk is indica tive of. success in 
ma thematics for Group C. 
i ~ure 22. Average English ma rk vs. average 
ma thema tics mark for Group D. 
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-The Pearson r is .381. This indica tes t ha t 
the English mark is indicative of success 
in mathematics for Group D. 
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}i':'_·_ ,_'TJ 23. Average English mark vs. average sc ience 
mark for Group A. . 
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The Pearson r is .575. This indicates that 
the English mark is indicative of success 
in science for Group A. 
Ji' ip.ure 24. Average English mark vs. average science 
mark for Group B. 
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The Pearson r is .323. This indicates t hat 
the English mark is indicative of success 
in science for Group B. 
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-·~_,,ure 25. Average English mark vs. average science 
mark for Group c. 
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The Pearson r is .138. This indicates that 
the English mark- is not indicative of success 
in science for Group c. 
FiPure 26. Average 
mark for Group D. 
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The Pearson r is .282. This indicates that 
the English mark is fairly indicative of 
success in science for Group D. 
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' :t urn 27 • .Average science .mark v·s. average 
mathematics mark for Group A. 
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The Pearson r is .55. This indicates that 
the science mark is indicative of success 
in ma thematics for Group A. 
Fi.cmre · 28. Average science mark vs. average 
mathematics mark for Group B. 
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The Pearson r is .594. This indicates tha t 
the science mark is indicative of success 
in ma thematics for Group B. 
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-· "'-<::-''1 29. Average science ma:fik vs. average mathematics 
mark for Group C 
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I I. 
the science mark is fairly indicative of suc cess 
in mathematics.for Group c. 
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l'i r:u re 30. Average science mark vs. average mathematic s 
mark for Group De 
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The Pearson r is .089 • This i ndicates that 
t he science mark is not i ndicative of 
success in mathemaDlcs f or Group D. 
CHAPTER IV 
CONCLUSIONS 
1. Conclusions Drawn from the Criterion Data 
Fifty-five correlation coefficients were computed in 
this study using the Pearson productmoment, bi-serial cor-
relation or multiple correlation techniques. In addition the 
average scores on the test of Mechanical Comprehension were 
computed for Groups A, B, C, and D; and the average shop 
performance ratings for Groups A and D. From these data the 
following conclusions were drawn: 
1. 
2. 
5. 
6. 
?. 
In general there is a positive correlation between 
Bennett's test and the criterion data. 
The average scores on the test of Mechanical Compre-
hension increase with the amount of training. Those 
groups with more training had higher average scores 
on the test. 
There appears to be little relationship between the 
mathematics marks and the scores on Bennett's test. 
There appears to be little relationship between the 
science marks and the score on Bennett's test. 
In general the correlation coefficients between the 
test of Mechanical Comprehension and the shop per-
formance ratings increased with the groups as they 
showed more time in training. 
The group with the greatest time in training had a 
much higher average shop performance rating than the 
group with the least amount of time in training. 
The multiple correlations between English and sci-
ence and. Bennett's test, English and mathematics and 
Bennett's test, --science and mathematics and Bennett's 
test all showed a slight positive relationship as 
supported by the "r's" of .109 through .294. 
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2. Significance of These Conclusions 
The significance of these conslusions lies in their 
inconclusiveness. In studying the correlations one is struck 
with the amount of subjective data to be contended with and 
the amount of variability that can enter into setting up the 
criterion. In the field of subjectivity one must consider 
the conclusions about the individual trainee which must be 
drawn from his education prior to employment as not all edu-
cational institutions have the same standards. Again there 
is no indication as to how strongly the individual is moti-
vated, when his test performance or shop performance or school 
grades are being determined. It must also be asked as to how 
objective is the rating instrument used to gauge shop perfor-
mance? With. all these in mind the following significant facts 
emerge about these groups: 
1. In general those students with higher shop ratings 
received the higher marks in the test of Mechanical 
Comprehension as indicated by the average test 
scores. 
2. Success in school subjects was not a guarantee of a 
high score on the instrument being validated. Some 
students barely passing in school subjects made 
very higq scores on the test and vice versa. 
3. There seemed no significant correlation between the 
science grades and the test ecores; however, the 
composition of the groups must be considered. 
4. Lack of objectivity of the shop performance rating 
is the single greatest deterrent to a sound valid-
ation study of any prognostic instrument used for 
trade prognosis. 
• 
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3. The Validity of the Test 
The validity of this test is best expressed for all 
purposes as .293, the correlation coefficient obtained by 
taking Groups A, B, C, and D combined. Taking all the groups 
combined will tend to eliminate as much as possible the var-
iation between shops and trades as to how they rate shop per-
formance. It is a significant sign that the correlation co-
efficient between the scores on the test of Mechanical Comp-
rehension and the shop performance ratings of the top and 
bottom twenty-seven per cent of the apprentice machinists was 
• 525. This writer believes that the shop performance ratings 
of the apprentice machinists can be more effectively con-
trolled than they can in any other trade. The implication 
is that the value of .525 may be a better expression of 
the validity of this test than the .293 produced when the 
entire population was used. Of course ,consideration must be 
given to the fact that the apprentice machinists represent 
a much smaller population. 
4. Comparison with the Author's Claims 
The results of this validation study compare favorably 
with the author's claims. The author states his correlation 
coefficients run from .30 to .60 when he validates his test 
scores against shop performance ratings. The correlation co-
efficient of the group most objectively controlled in this 
• 
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study is • 525 and the correlation coefficient of the entire 
group with all its subjectivity is .293. Hence, the feeling 
is that the author's claims are justified. 
5. Recommendations for Test Use 
No recommendations can be given for test use until a 
supervisors' or shop instructors' rating is developed which 
will reduce the subjectivity of the rating to a minimum. 
When this is done a validation study will be possible which 
will determine to a reasonable degree just what this instru-
ment can prognosticate and what it cannot. 
6. Recommendations for Future Research 
The crying need in validating this instrument is for 
an objective instrumen.t to rate shop performance. 
Further work is necessary to determine the effective-
ness of this instrument for specific occupational objectives. 
Work is needed to correlate the factors of mechanical 
ability against this instrument. 
Work is needed to determine how significant the moti-
vation factor is in determining the test score. For example, 
in any given homogeneous population, what would the spread of 
scores be with varying motivation? 
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